We study bound states below threshold and resonances above threshold in the D 0 K + and D + s η systems, using a many-coupled-channel model for nonexotic meson-meson scattering applied to states with the quantum numbers of cs quark-antiquark vector mesons. We fit the ground state at 2.112 GeV, whence the lowest resonances in D 0 K + come out at 2.43, 2.61, 2.73, 3.06, and 3.11 GeV. The resonance at 2.61 GeV acquires a width of about 3 MeV, while its partial P-wave cross section is up to six times larger in D s η than in D 0 K + , provided a mechanism accounting for Okubo-Zweig-Iizuka-forbidden decays is included. The latter finding is in agreement with the observations of the SELEX collaboration [1] with respect to the recently reported D s (2632) resonance. Therefore, we conclude that the D s (2632) is most probably the first radial excitation of the D * s (2112) meson.
Introduction
The very fortunate discovery [1] of a new resonance in both the D 0 K + and D + s η channels has been awaited for over two decades [2] . Excitations of J P = 1 − cs states have been foreseen in the past, but with higher masses. For instance, in Ref. [3] two states were forecast at 2.73 and 2.90 GeV, one for each of the possible angular configurations S and D, whereas in Ref. [4] these states were predicted at 2.773 and 2.813 GeV. Nowadays, a mass of 2.632 GeV is of no surprise. Just consider the mass differences between the ground states and first radial excitations of other J P = 1 − mesons, which vary from 0.52 GeV for K * to 0.59 GeV for cc. The D s (2632) resonance, being 0.52 GeV heavier than the D * s ground state, could thus perfectly well turn out be the first radial excitation of the D * s (2112) meson. However, the branching ratio of its two decay modes, i.e., D 0 K + and D + s η, with the latter one dominating by a factor of six, seems to be problematic [1, 5] . Also its decay width (smaller than 17 MeV [1] ) is smaller than expected for a cs resonance with sufficient phase space in a two-meson channel observing the Okubo-Zweig-Iizuka (OZI) [6] rule.
In Refs. [7] [8] [9] , the authors wondered whether the puzzling decays of the D s (2632) meson might be due to isospin-breaking decay modes of a scalar crypto-exotic tetraquark baryonium [cd] ds configuration, based on group-theoretical arguments, whereas the authors of Ref. [10] considered a possible [cd] [ss] structure. A radial excitation of the D * s was suggested in Refs. [5, 11] . Here, we shall show that the observed properties are in good agreement with the predictions of a multichannel quark-meson model, designed to describe mesonic resonances in terms of systems of coupledand two-meson states [12] . However, the study of non-ground-state D * s vector mesons requires a more elaborate approach than the one previously applied by us to scalar mesons [13] , as we shall explain in the following.
In the first place, J P = 1 − systems consisting of a charm quark and a strange antiquark may appear in two different orbital excitations, namely L = 0 and L = 2. This implies that instead of one cs channel, as in the case of the D * s0 (2317) resonance [14] , we must consider now two such channels.
Secondly, higher radial excitations of cs can decay into a variety of different OZIallowed two-meson channels, while the influence of nearby closed two-meson channels must be taken into account, too. In Table 1 , we summarize the ten mesonic decay channels of the cs system that we consider of importance in the energy region of interest.
Thirdly, the phenomenological Resonance-Spectrum-Expansion (RSE) formalism employed in Ref. [13, 14] is not practicable in the present case, exactly because of the proliferation of relevant two-meson channels involved. In the RSE method, one term in the expansion accounts for one radial or angularchannel coupled to one meson-meson channel. Now, each term comes with a different parameter for each combination of one of the cs channels and one of the two-meson channels. Thus imagining four terms in the expansion, then with two channels in the cs sector and ten channels in the two-meson sector we would end up with eighty parameters: clearly enough to fit anything, but not very useful for predictions.
Nonetheless, with a definite choice for the confinement potential, these ambi-guities are readily removed. Here, we opt for a harmonic oscillator, which has the additional advantage that the relative decay couplings, given in Table 1 , can be determined through the formalism developed in Ref. [15] . Since, moreover, we consider only one flavor state with reasonably heavy decay products, it is justified to work in the spherical-delta-shell approximation for the 3 P 0 communication between the cs and two-meson sectors. Thus, we shall employ here the model developed in Ref. [16] for cc and bb states, and generalized to other flavors in Ref. [17] .
channel threshold relative couplings GeV to ℓ = 0 to ℓ = 2 The pseudoscalar-pseudoscalar and pseudoscalar-vector real and virtual OZI-allowed two-meson P -wave channels considered throughout this work, their thresholds, and relative couplings squared to each of the two cs channels. For η and η ′ we assume flavor octet and singlet respectively.
Inelastic meson-meson scattering
The 10 × 10 scattering matrix S, as a function of the total center-of-mass energy √ s, has the familiar form
where k and L can be represented by diagonal matrices containing the linear and angular momenta of each of the two-meson channels, respectively. The elements of the matrix k are determined through the kinematically relativistic expression
where m 1i and m 2i stand for the meson masses involved in the i-th two-meson channel. The 10 × 10 inverse cotangent matrix K, from which scattering phase shifts can be obtained, is defined by
In this equation, the diagonal matrices J and N contain the two linearly independent Bessel and Neumann scattering solutions above threshold, respectively, or their analytic continuations below threshold, for each of the two-meson channels. The diagonal elements of the reduced-mass matrix M are calculated by using the relativistic formula
The 10 × 10 matrix X introduced in Eq. (3) is defined as
where λ is the overall coupling constant related to quark-pair creation, and the 2×10 matrix V contains the relative coupling constants given in Table 1 . The diagonal 2 × 2 matrix A contains products of the two linearly independent solutions of the harmonic oscillator. It is this matrix for which an RSE expansion can be formulated. Except for the matrix V , all matrices are diagonal, because we do not consider direct interactions in either of the two sectors. More details can be found in Ref. [17] .
Four of the five free parameters are taken from Ref. [17] , namely the effective constituent quark masses m c = 1.562 GeV, m s = 0.508 GeV, the oscillator frequency ω = 0.19 GeV, and the scaled dimensionless delta-shell radius ρ 0 = 0.56. Here, we only vary the overall coupling λ, such that the ground state of the spectrum, the D * s (2112), gets its experimental [18] mass.
OZI-forbidden decays
Our initial findings, with OZI-allowed channels only, are the following. We obtain a narrow resonance at about 2.6 GeV. Its width and position depend on the invariant radius ρ 0 . For the above value of ρ 0 = 0.56, the resonance comes out slightly below 2.6 GeV, and has a width of some 1.4 MeV. Hence, contrary to what might be expected from naive perturbative calculations, we obtain a narrow resonance for a system having more than enough phase space for OZI-allowed decay. The reason appears to be twofold. First of all, most of the probability of 3 P 0 pair creation goes into closed channels, which only give rise to a real mass shift. Secondly, the first radial excitation we are assuming for the D s (2632), albeit mixed with the 1 3 D 1 state, has one node (see also Ref. [11] ), which cannot lie far away from the the delta-shell radius ρ 0 , on the basis of general size arguments. In the more realistic picture of Ref. [17] , where a smooth transition potential was used, the convolution of this potential with the sign-changing wave function of the "bare" D s (2632) will lead to a partial cancellation. So the total width due to OZI-allowed decays could be much smaller than what is generally assumed. Now, once we have a full solution of the coupled-channel problem, i.e., the complete S matrix, we may determine branching ratios for other types of decay modes, namely OZI-forbidden processes. However, one of these happens to be the very D + s η mode, already included in the list of OZI decay channels. Precise values have to be estimated, since we do not dispose of a lot of experimental data on OZI-forbidden two-meson decays for systems with alternative OZI-allowed modes. Here, we estimate that up to five percent of the total probability of strong decay contributes to OZI-forbidden decays, which we account for in an effective way by correspondingly increasing the coupling constant of the OZI-allowed D + s η channel. Note that this estimate of 5% seems quite reasonable on the basis of experimentally known [18] OZI-forbidden two-particle decays of mesons, keeping also in mind that the mentioned suppression due to the nodal structure of the wave function may not apply to non-OZI decays. In Table 2 , we present the results, after refitting the overall coupling constant to the D * s (2112) mass, for the effect of the non-OZI D 
observed by the SELEX collaboration [1] is reproduced for a non-OZI contamination of about 5%, implying a total width of some 3 MeV, which is also compatible with the data. Of course, the latter experimental findings need further confirmation. What our results show is that such a scenario is plausible.
non-OZI (%) peak (GeV) 4 P -wave cross sections for cs decay.
In this section we present some figures for the computed partial cross sections, corresponding to the case which reproduces the SELEX results (4.94% in Table 2 ).
The
In Fig. 1, we well below the D + s η threshold, we find a structure with a width of some 70 MeV (see Fig. 2(a) ). Notice, however, that the peak cross section is only 2.9 × 10 −5 GeV −2 . Whether such a weak signal can be observed in experiment looks doubtful. We plan to elaborate on this issue in a future paper. 
P -wave
D + s η cross sections.
Conclusions
The experimental confirmation of at least some of the here predicted signals will contribute strongly to our understanding of the cs spectrum.
